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agencies  when  the  work  relates  to  and  supplements  the  basic  program  of  the  Bureau  or  when  the 
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Report  on  the  Design  and  Calibration 

of 

Luminance  Standards 
for 

Ph  Phosphor 


1.  Scope 

This  report  describes  the  design  and  calibration  of  luminance  stand- 
ards for  the  calibration  of  instruments  which  are  used  for  measuring  the 
luminance  of  television  tubes  with  ?k  phosphor.  One  of  these  standards, 
designated  as  a "master"  standard,  is  retained  at  the  National  Bureau  of 
Standards.  Similar  calibrated  standards  are  available  for  purchase  from 
the  NBS. 

2.  Description  of  the  Luminance  Standards 

A complete  luminance  standard  consists  of:  (l)  a ^00-watt  lairp, 

(2)  a 3 l/8-inch  square  of  flashed  opal  glass  bound  to  a 3 l/8-inch  square 
of  Corning  5900  daylight  glass.  In  accordance  with  the  request  of  the 
Joint  Electron  Tube  Ehgineering  Council,  the  relative  spectral  radiance 
of  the  standard  is  designed  to  match  approximately  the  relative  spectral 
radiance  of  a blackbody  at  a color  temperature  of  10,000“K.  The  relative 
spectral  radiances  of  a blackbody  at  10, 000®K  and  of  the  standards  are 
shown  on  the  accompanying  curve  sheet. 

The  lamp  is  operated  at  a color  temperature  of  3000®K  and  the  Corning 
5900  daylight  glass  raises  the  color  tenperature  of  the  light  from  the 
lan?3,  transmitted  by  the  opal  glass,  to  approximately  10, 000*K. 

3«  Calibration 

3.1  The  lamps. 

A 500-watt,  T20-bulb,  inside-frosted  lanp  having  a filament  specially 
constructed  for  photometric  standards  is  supplied  as  a part  of  each  lumi- 
nance standard.  The  voltage  across  each  lanqD  required  to  produce  a color 
temperature  of  3000°K  was  determined  by  comparing  each  lanp  according  to 
a substitution  method  with  NBS  working  standards  of  color  teirperature. 

The  cort^jarisons  were  made  visually  by  using  the  9**  x 13®  field  of  a Lummer- 
Brodhun  photometer. 

The  luminous  intensity  and  the  current  for  each  lanp  was  then  measured 
at  the  voltage  which  had  been  determined  for  the  3000®K  color  temperature. 
The  luminous  intensity  measurements  were  made  by  means  of  a plr^sical  pho- 
tometer. The  physical  photometer  consists  of  a thermopile  and  luminosity 
filter  and  is  a modified  form  of  the  one  described  in  NBS  J.  Research  27 
217  (Septenber  19Ul)  RPII4I5.  For  the  luminous  intensity  measurement  each 
lamp  was  burned  base  down.  The  orientation  was  such  that  the  plane  con- 
taining the  two  filament  supports  was  perpendicular  to  the  axis  of  the 
photometer.  The  side  of  the  lamp  where  the  number  AA850  is  stamped  on 
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the  bottom  of  the  bulb  was  turned  away  from  the  photometer.  The  bottom 
of  the  bulb  was  1;  inches  belovj  the  photometer  axis  and  the  photometric 
distance  (measured  to  the  filament  supports)  was  1 meter.  The  voltage, 
ciarrent,  and  luminous  intensity  for  3000®K  color  temperature  for  each 
lamp  are  given  in  the  individual  report  accompanying  each  luminance  stand- 
ard. 


3.2  The  "master"  standard. 

The  "master"  standard  consists  of  one  of  the  lamps  calibrated  as 
described  above  and  one  of  the  diffusing  "sandwiches".  Before  the  parts 
of  this  "sandwich"  were  bound  together  each  glass  was  measured  separately. 
The  spectral  transmittances  of  the  Corning  5900  daylight  glass  were  meas- 
ured on  a General  Electric  recording  spectrophotometer.  From  these  data 
the  transmittance  of  the  daylight  glass  for  light  of  color  teiq5erature 
3000 ®K  transmitted  by  the  opal  glass  was  computed.  The  transmittance  is 

0.098. 


The  effect  of  multiple  reflections  between  the  daylight  glass  and  the 
opal  glass  on  the  luminance  of  the 'teandwicW*  was  ir^asured  as  follows.  The 
two  glasses  and  a 500-watt  projection  lamp  were  mounted  on  a photometer 
bar  with  the  daylight  glass  about  midway  between  the  lanp  and  the  opal 
glass.  The  distance  between  the  lamp  and  the  opal  glass  was  about  2 feet. 

The  luminance  of  the  opal  glass  was  measured  by  a photoelectric  photometer. 
The  daylight  glass  was  then  placed  against  the  opal  glass  and  the  luminance 
was  again  measured.  The  latter  measurement  was  1.012  times  the  former  and 
represents  the  increase  in  luminance  due  to  multiple  reflections  between 
the  glasses. 

From  the  transmittance  of  the  daylight  glass  and  the  increase  in  lumi- 
nance due  to  multiple  reflections  the  luminance  required  on  the  opal  glass 
alone  to  produce  20fL  and  50fL  on  the  "sandwich"  when  the  glasses  were 
bound  together  was  computed.  The  distance  between  the  500-watt  inside- 
frosted  lamp  which  is  a part  of  the  "master"  standard  and  the  opal  glass 
necessary  to  produce  the  computed  luminance  was  then  determined  by  means 
of  a Macbeth  illuminometer  which  had  been  calibrated  by  using  the  National 
Bureau  of  Standards  SB3  luminance  standard. 

The  two  glasses  were  then  bound  together  and  used  to  calibrate  similar 
"sandwiches"  which  are  available  for  purchase  from  the  National  Bureau  of 
Standards.  The  'fmaster"  standard  is  retained  at  the  NBS  and  will  be  avail- 
able for  calibrating  more  "sandwiches"  in  case  they  are  needed  in  the  future. 

3.3  The  "sandwiches". 

The  "sandwiches"  consist  of  3 l/8-inch  squares  of  Corning  5900  day- 
light glass  and  3 l/8-inch  squares  of  flashed  opal  glass  similar  to  those 
used  in  the  "master"  standard.  The  luminance  of  each  of  the  "sandwiches" 


r.':/;’ ■'•  '\-^>\t;# 

■ .’3  ,■'';;<?■*;  ■;  ■:  . jjiit^te..'''^ 


H *? 

M , ^--V,  ' 

J %■■  . 

s; 

,.'4:.''? ;;  jsn) 

•■  ^*•  ,'•• 


■mu 


='  -'■'  '^-M 

« .tr  ‘ 


'■s 


t :' >i..  ,j^  %^- 

.iS:,r%?q  '^if  ■ 9?^%^:  ^ 

•;,:  V’ 

, V-  : ;,*,  : ■ ;;;  ? 

. /t:.:r'  ; ;;W'iV-'5t  ',i<. 


i:i%|f;  :'.ib 

, v-,  •..■.,■■  ,V'.- 


:rf  TV ■ .., 

,i^:  J ■ '^''  • 


V:  : 


-:;  V''  V)'r  ''>%csa^,^^j 


V - ■'!ct-  -l;c-:i',!T 

•'l'^  ‘'v^r■  csv  C*'-  .■  / ^ 

■V^';  ■ :P-j’>  ! ,SS •■ 


f 'if  - •-* 


>,  •>' 


}•}  •'„  o&  j:r^;  ^ :sf£ii ' >^1  mp  ■ 

- : -/  /■  .^-  '■■  .r  whS4it^-  ■:  > , 3 ; . _ , ,_^ 


■ ■ ■ 


pLVf'  ^:^-<if-:jd:jXp  ^.::.j.z.  -X 


r-^  ' 


i"'i.  . r.l 


,, ' ' ,'  v‘, 

p:  ':■  7 ' , ';y^:  ■■  ■ 7:'- ' 

" ■>.  ;V-?:£vvv  'v  ■.-:4';^7'fe!7£|r:; , ,. ~ viLAf  V'  ^;.j:'“■'7’\  i ; - i?4*r;."’-  ^ 


-3- 


was  determined  relative  to  the  luminance  of  the  ’’master”  standard.  This 
was  done  by  means  of  a photoelectric  photometer.  Each  ’’sandwich”  was 
placed  in  turn  on  a photometer  bar  at  the  same  distance,  about  IS  inches, 
from  a ^00-watt  inside- frosted  lamp  which  is  a part  of  the  ’’master”  stand- 
ard. The  lanp  was  operated  at  a color  tenperatare  of  3000*K  and  the  lumi- 
nance of  each  ’’sandwich”  relative  to  the  luminance  of  the  ’’master”  sandwich 
was  measured.  The  distance  required  between  each  ’’sandwich”  and  the  larp 
which  is  supplied  with  it  was  computed  from  the  relative  luminance  of  the 
’’sandwich”  and  the  luminous  intensity  of  the  lanp.  The  distances  required 
for  20fL  and  for  ^OfL  do  not  follow  precisely  the  inverse  square  law.  This 
is  to  be  expected  because  of  the  sizes  of  the  compments  and  the  distances 
between  them. 

It.  Using  the  Standard 

It  has  bepn  determined  experimentally  that  for  solid  angles  of  accept- 
ance up  to  and  including  the  angle  viewed  by  the  Weston  model  7^9  Foot 
Lambert  meter,  the  standards  closely  approximate  the  angular  distribution 
of  luminance  of  a perfect  diffuser.  These  standards  thus  serve  to  cali- 
brate the  Weston  model  7^9  Foot  Lambert  meter  or  any  instrunBnt  which  has 
a smaller  solid  angle  of  acceptance;  but  the  readings  on  the  same  diffusing 
area  obtained  by  instruments  with  markedly  different  acceptance  angles 
will  agree  only  if  that  area  diffuses  light  perfectly  or  nearly  perfectly. 
To  obtain  by  means  of  an  instrument  with  a small  acceptance  angle  a read- 
ing of  an  imperfect  diffuser  cortparable  to  that  on  one  with  a large  accept- 
ance angle,  readings  on  the  former  at  several  angles  of  view  sampling  the 
larger  acceptance  angle  should  be  averaged. 

When  the  model  7^9  Foot  Lambert  meter  is  used  care  should  be  taken  to 
center  the  receiver  on  the  "sandwich”. 

Each  luminance,  standard  when  issued  is  accompanied  by  a report  giving 
the  following  information. 

1.  Voltage  and  current  of  the  lamp  for  3000®K  color  temperature. 

2.  Luminous  intensity  of  the  lamp  at  the  above  voltage. 

3.  Distance  between  the  lamp  filament  and  the  flashed  opal  side 
of  the  "sandwich”  to  produce  20fL. 

U.  Distance  between  the  lamp  filament  and  the  flashed  opal  side 
of  the  "sandwich”  to  produce  ^OfL. 

The  lan5)s  and  the  opal  glass  side  of  the  "sandwiches”  have  been  etched 
with  identification  numbers. 
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When  a standard  is  used  the  glass  "sandwich"  should  be  illuminated 
from  the  flashed  opal  side  and  viewed  from  the  blue-glass  side.  The 
"sandwich"  should  be  centered  on  the  photometer  axis  and  the  lamp  aligned 
so  that  its  filament  supports  are  perpendicular  to  the  photometer  axis 
wiWi  the  side  of  the  lanp  where  the  number  M850  is  stamped  on  the  bottom 
of  the  bulb  turned  away  from  the  glass  "sandwich".  The  bottom  of  the 
lanp  should  be  inches  below  the  photometer  axis.  (This  centers  the 
lanp  filament  on  the  photometer  axis.)  The  lamp  voltage  should  be  accurate- 
ly set  to  the  voltage  given  in  the  individiial  report.  The  distance  be- 
tween the  opal  glass  side  of  the  "sandwich"  and  the  lanp  filament  should 
be  accurately  set  to  the  value  given  in  the  report. 
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